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Stnt*AKY OF RECENT EXTERNAL NEVTRON-YIELD MEASUREMENTS
BY THE MnSOi, TANK METHOD
Valter E* Crandall and Oeorge V, Killburn

Radiation Laboratory, Department of Physics
University of California, Berkeley, California

September 17, 195F

The purpose of this report is to summarise all external yield data not

yet published* Previous yield measurements have been reported in NMBA Quarterly

Progress Reports DCRL-1009, -U57, -14#, -1575, -1905, -219%, and UCRL-2518.
A compute description of the MhSO" tank method and a summary of earlier yield
masuraaeiitt is given in UCRL»206> which should be consulted for details of

the measurements and for a discussion of possible systematic errors* All yield

values quoted herein ue unconnected for any systematic errors except background

as noted*

The work reported was done under the supervision of Dr. C. M. Van Attu and
with the assistance of F. Adclwrn, V. Blmbaum, D. Hicks, J. lee, Jr., R. Main,
H. Pyle, U Scteeter and M Whitehead*

5ftHi*v Pcutcrgflf
The yleldo for deutcrono of approximately 520 Mev were measured using
the deutenono produced by stripping VM ioms. The energy of the dkmterons

was cocked by determining the Bragg curve for two runs spaced 9 months apart;

on these run* 4 and 6 racaourenrnts vcrc made giving respective averages of
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9.12 + 0,29 and 9*77 + 0,27 neutrons per Incident deuteron for a 10-1/8 x 12 * 11*
inch uranium target. The mein energy v» )15 4 10 Mev for both rune. (See
Iso, Pyle, Hicks and Main, Rev, Sci. Instr.2£, b)7 (A95U) for a description
of the bean so Stained.) The "background measured vith no target in the
tunnel and with the HQI* plug removed free the bean vns about 10 percent of
the above numbers but vai not subtracted (aee UCRL-21%h, p. 12), sinco it is
not believed to represent the background present vhen the target is in posi-
tion, In addition, the "background” was measured once with the cyclotron
operating and vith the target In position but vith the steering magnet current
off so accelerated charged particles could not directly reach the cave; this
background nos entirely negligible.

The uncertainty in the bessi monitor Is greater then normal since the ion
chambers could not be directly calibrated (low bean intensity), Instead the
ratio of dE/dx at 190 and 520 Mov vas calculated from the Range-Energy Curves
of Aron, Hofftaan, and Williams (AECU-663) and the multiplication of the
chamber at 320 Mev calculated from the calibrated multiplication at 190 Mev,
One calibration vas performed and gave oatlsfactoiyagreement vith the calcu-
lated ratio.

The following table lists the best values of the yields measured by the
MJj, tank for this boon, (The measurements made in the 12-inch tank may be
systematically higher than those mode In the Ht-inch tank because of the in-

creased neutron leakage,) For targets leas than one range thick, the background
vas subtracted as in UCRL-2194, p. 12.



Yield* for 320-Mev Deuteron*

Target (inches)

Uranium 10-1/8 x 12 * 18
Uranium  10-1/8 x 12 x 12
Uranium 1/2 X 12 X12
Uranium 1x12x12
Carbon *Qx 24x24
Carbon ¢ ax 24 x &

Uranium 10-1/8 x 24 x 24
Beryllium 9x24x24

e This value 1* booed on a direct calibration of the
chamber vIth the 320 Moy douteron beam.

Neutron;,

Yield (neutrons per
Incident deuteron)
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Tank Used

18-loch
18-loch
18-loch
18-loch
12-Inch

12-inch
12-inch

lonisation

Yields for various targets in the 90*and 160-Nev neutron beams have been

measured and are described in oaacvhat more detail in UCRL-2706. The results

are listed in the following table (vIth measured backgrounds subtracted). The

16-inch MGJ* tank was used in all measurements.

each target.

Only one run was node for
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Tabic IX

Yields for 90>.ind 160*Hcv Neutrons

Target (Inches)

km 90*Mcv Neutron*

Uvaalua /2 X6 X6
Uraaiua X*6 X6
Uroeium 1x 12 x 12

Uvaalua 1-1/8 x 12 x 12
Uranium 3-5/8 x 12 x 12
Uranium 6-5* x 12 x 12
Uronlun 10-1/8 x 12 x 12
Uranium 11-5/8 x 12 x 12

Cadmium 1-3/8 x I x *

Copper 2-3/8 x 1 x1
Copper 1-5/16 x 1 x *

Aluminum H-lI/b x b X b
Carbon 6-15/16 X b x b
B. 160*Mev Neutrons

Uranium 2-1/1 x 12 x 12
Uranium 5 X12 x 12
Uranium 9x 12 x 12
Uranium 15-3/1 x 12 x 12

Yield (neutrons nor
Incident neutron)

1.25
2.33
8.57
2.77
7.32

10.7
12.2

12.7
0.16

0.85
oV

0.21
0.29

6.2
10.8
16.0
17.5

10.12
X0.21
i 0.25
*0.28
+ 0*Tb
I 1-1
11.2
i 1.3

X 0.05

x 0.09
1 0.0b

x 0.02
1 0.03

X X X X
b= =0
o0 o —O®

UCBL-2705
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490-Kcv He3 Particles

Ore run was node with the deflected 490-Mev He® bean. Ore run was node
on each of the following target! with the exception of uranium,for which two
runa were node* The first two targets are differential and the background
has been subtracted as above; the last two are greater than a range. The

lonltatlon-chsabcr multiplication vns calibrated against a Faraday cup. The

IQ-inch tank was used.

Table 111
YItUo for 490-Hev He5 Particle.

Target Yield
(neutronsper Incident KeV)

Cadmium 6.101 o1/ 4 X 4 In 0.35 + 0.04
Cadmium 12.24 9i/cme, 4 X 4 In 0.71 Jt 0.07
Tantalum 28.75 ®WVcn2, 5 X 4 In 1.80 * 0.2

Uranium  5<tI5 (*/ca2, 5x 5 In 3.26 1 0.21
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3bOjjg Preton#

Several differential target# were used with the JUOIMev proton bean.
The neaoured yield# with the background aubtracted a# above are given in the
following table. The target dimenoion# vert Ux b in. except! thorium, b-I/b

in. dia. cylinder; uranium, 3 x 3 in. The 18-Inch tank v&s uned*

Table IV

Yields for Jo0O*Mev Protons

Target Yield Ho. of Runt
neutron# per incident proton)

Aluminum  28.77 g~cn2 0.328 t 0O.0Oto 1
Aluminum 5755 * 0.666 + 0.0W 3
Copper 29-95 * 0.631 * OOWO 1
Capper 5982 " 1.17 + 0.0U 3
Cadmium 30.71 ~* I.1i %= 0.0b 1
Cadmium 61.*3 “ 1.91 + 0.10 2
Thorium 5215 " 1.90 =+ 0.10 1
Thorium 62.1b M 3.D3 =+ 0.21. 3
Uranium 62,35 " it>8 =+ 0.19 ft
Uranium 1/t x } x 5 In 1.79 £ 0.01 2
Uranium 1x 3x 31in 3.71 1 0.12 2
Uranium 2x3x3in 6.W i 0.19 ft
Umniua 3x3x3in 8.29 t 0.28 2
Uranium 6 x3x3in 8.90 i. 0.27 2
Uranium 12 x 3-3/8 x 3-3/8 in 9.10 a 0.27 ft
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190*Mev Deutcruns
The yield data fgr 190-Mev deuterona art conveniently broken into tvo
parte: differential (leea than one rangeX and laterally "infinite" (2k x 2h

in. or greater) tarpete. Yield* for differential targets vere Matured in the

I8~inch tank; those for laterally infinite targets, in the 12-inch tank.

Table V

Differential Target Yields *fgf 190-Mev Deuterons
(background subtracted)

Target Yield (neutron* per Ho. of Runs
Incident deuteron)

Uranium 1/16 x | x 2 In 0.166 a 0.0L) 2
Uranium 1/8 x 2 x e in. 0.505 a 0.025 2
Uranium 1/1. x Hx Z in. 1.04 t 0.05 1
Uranium 1/2 x Zx 2 in. 1.92 1 0.10 1
Uranium 5/8 x 2 x 2 in. 2>0 £ 0.12 1
Uranium 1x2x2 in. 2.k2 i0.12 1
Uranium 2Xx2x2 in.* 2.75 10.15 1
Uranium 5x2x2 in.* 2.88 + 0.1k 1
Carbon o k x k x k in

Uranium 10-1/6 x 12 a 12 in.* i.8j = 0.07 2
Uranium  12.07 p/cia2 x 5 x 5 1.02 10.05 5
Thorium Ik .82 gm/cm2 X k-i/k dia. 1.10 =+ o.oe k
Lead 12.59 gm/c*2 x k x k 0.7*k 1 0.050 X
Cadmium 12.2k gm/aa* x k x k 0.599 1 0.015 5
Copper 11.74 g»/cB2 X 4 s 4 O .kll'i 0.020 2
Copper 11.k8 p/cm2 x k x k 0.40E t 0.016 2
Aluminum 11.92 pi/cm2 x Ux k 0.292 t 0.015 k
Carbon 7.6? p/c*2 x k x k 0.164 i 0.014 2
Beryllium 10.20 ga/cm2 x k x 6 0.4)8 + 0.015 k
Lithium k-1/2 X k dia 0.Z08 * 0.012 1

« ncr.differential target*



-N- UCRI-ETO

Table W

Laterally-Infinite Target Yields for 190-Mcv Deuterona

Target Yield (neutrons per Mo. of Runt
Incident deuteron)

(5-5A c ¢ 10-1/8 U) x 24 x 24 25 *1.k 2
If x 12 x 15 Bf 0.99 + 0.05 1
10 x 12 x 15 Be 1.25 x U.06 2
22 x 12 x 15 Be 1.25 + 0.06 1
4 x 24 x 24 Be 0.»6 + 0.05 2
4 x 24 x 24 B«* 0.9k i 0.05 1
4 Be ¢ 5-5/SU) x 24 x 24 M 1* 0.15 k
4 Be ¢ 10-1/8 U) x 24 x 24 2.kO + 0.12 5
4 Bel ¢ 5-5/6 Ul) x 24 x 24 2.06 + 0.10 k
4 Be. ¢ 10-1/8 Ut) x 24 x 24 1.90 i 0.10 5
UBe* ¢ 10-1/8 U) x 2k X 2k 1.95 i 0.10 2
(5 Bo ¢ 5-5/8 UT) x 24 x 24 2.10 1 0.10 E "
5-5/6 X 24 x 24 U 5-46 t 0.17 B
10-1/8 x 24 x 24 U 5.19 t 0.18 1
(5/8 U** & 10-1/8 Uf) x 24 x 24 2.96 1 0.15 5
5 X 56 X 56tt 2.56 1 0.12 k

. Moderated Primary: 1/k Ai between each 1 Be
«* Moderated Primary: 0.022 Al between each 1/16 U
T Moderated Secondary: 5/16 Al between each 1-1/6
11 Moderated Tare~t: Flret 1 of U: 5/52 CM2 between each 1/16 Uj
Second k of Ut 5/52 CK« eurmunding 1/2 x Ut x 56
bare of U.

Motet Because of increased neutron leakage, the meaeuremnnta in the 12-Inch

MnS04 tank nay tend to be 5 percent higher then thoee in the 18-inch tank
(UCt&«1905, p. 8k).

This work was performed ujvtar the aueplcee of the U, 5. Atonic Energy
ComlBolcm.



